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TXHVWLRQVDUHXVXDOO\DVNHG7KH\DUHZKDWFDQJRZURQJ"+ow likely is it" What are the consequences"7KHILUVWLV
DERXWDVHWRIDFFLGHQWVFHQDULRVWKHVHFRQGLVDERXWHYDOXDWLQJWKHSUREDELOLWLHVRIWKHVHVFHQDULRVDQGWKHWKLUGLV
DERXWHVWLPDWLQJWKHLUFRQVHTXHQFHV>@
5LVN DVVHVVPHQW LV D FRPSUHKHQVLYH WKHRUHWLFDO PHWKRG DQG LV DLPHG DW LGHQWLI\LQJ DQG DVVHVVLQJ ULVNV LQ
FRPSOH[V\VWHPIRU WKHSXUSRVHRIFRVWHIIHFWLYHO\ LPSURYLQJ WKHV\VWHP
VVDIHW\DQGSHUIRUPDQFH>@7\SLFDOO\
WKHUHDUH WZRULVNDVVHVVPHQWDSSURDFKHVTXDOLWDWLYHDQGTXDQWLWDWLYH4XDOLWDWLYHULVNDQDO\VLV LVDQDQDO\VLV WKDW
XVHVEURDGFDWHJRUL]DWLRQVIRUSUREDELOLWLHVDQGFRQVHTXHQFHVRIIDLOXUHZKLOHTXDQWLWDWLYHULVNDQDO\VLVXVHVORJLF
PRGHOV GHSLFWLQJ FRPELQDWLRQV RI HYHQWV WKDW FRXOG UHVXOW LQ VHYHUH DFFLGHQWV DQG SK\VLFDOPRGHOV GHSLFWLQJ WKH
SURJUHVVLRQRIDFFLGHQWVDQGWKHWUDQVSRUWRIDKD]DUGRXVPDWHULDOWRWKHHQYLURQPHQW>@7KHUHDUHDODUJHQXPEHU





IUHTXHQWO\ XVHG LQ PDQ\ LQGXVWULHV VXFK DV SHWUROHXP FKHPLFDO LQGXVWU\ OLJKW LQGXVWU\ WH[WLOH PHWDOOXUJ\
PDFKLQHU\ DHURVSDFH WUDQVSRUWDWLRQ PLQLQJ >@ ,Q WKH SHWURFKHPLFDO LQGXVWU\ DOPRVW HYHU\ SURFHVV LV
LQVHSDUDEOH IURP SUHVVXUH YHVVHO DQG SUHVVXUH SLSHOLQH &KHPLFDO SURFHVV HTXLSPHQW DUH DOZD\V ZRUNHG XQGHU
DGYHUVHFRQGLWLRQVLQWKHSURGXFWLRQWKXVWKHDFFLGHQWVHDVLO\KDSSHQ,QGHHGWKHDFFLGHQWVDUHORZSUREDELOLW\EXW
KLJK FRQVHTXHQFHV 0RUHRYHU WKH IDLOXUH PHFKDQLVP RI FKHPLFDO SURFHVV HTXLSPHQW LV FRPSOH[ DQG QRW RQO\
LQFOXGHV PDWHULDO GHWHULRUDWLRQ EXW DOVR WKH LQIOXHQFH RI WKH HQYLURQPHQW 7KHUHIRUH ULVN DVVHVVPHQW LV YHU\









XVHG LQ PXOWLSDUDPHWHU ULVN SDWWHUQ FODVVLILFDWLRQ DSSURDFK ZKLFK ZDV SURSRVHG WR SUHVHQW YDULRXV ULVN PDSV
LQFRUSRUDWLQJ WKH IDFWRUV RI SLSHOLQH OD\LQJ FRQGLWLRQV KLVWRULFDO GDPDJH UHFRUGV VDIHW\UHODWHG DFWLRQV
PDQDJHPHQWPHDVXUHVDQGWKHHQYLURQPHQWDURXQGWKHXQGHUOLQJSLSHOLQH/DYDVDQLHWDO>@H[WHQGHGIX]]\IDXOW
WUHH DQDO\VLVPHWKRGRORJ\ WR SHWURFKHPLFDO SURFHVV LQGXVWU\ LQZKLFK ILUH H[SORVLRQ DQG WR[LF JDV UHOHDVHV DUH
UHFRJQL]HG DV SRWHQWLDO KD]DUGV .KDN]DG HW DO >@ FRPSDUHG IDXOW WUHH DQDO\VLV ZLWK %D\HVLDQ DQDO\VLV LQ JDV
SURFHVV IDFLOLWLHV LWZDV IRXQGHG WKDW%D\HVLDQ DQDO\VLVZDV D VXSHULRU WHFKQLTXH LQ ULVN DQDO\VLV E\ LWV IOH[LEOH
VWUXFWXUHDOORZLQJLWWRILWDZLGHYDULHW\RIDFFLGHQWVFHQDULRV.RáRZURFNL>@LQWURGXFHGDQDV\PSWRWLFDSSURDFK
WRUHOLDELOLW\HYDOXDWLRQRIPXOWLVWDWHV\VWHPZKLFKZDVDSSOLHGLQDQRLOWUDQVSRUWDWLRQV\VWHP
2EYLRXVO\ IRUHPHQWLRQHG UHSRUWV DUH DOPRVW EDVHG RQ ELQDU\ UHOLDELOLW\ WKHRU\ >@ 7KH\ VXIIHU VHYHUH
OLPLWDWLRQVRIVWDWLFVWUXFWXUHDQGXQFHUWDLQW\KDQGOLQJZKLFKDUHRIJUHDWVLJQLILFDQFHLQSURFHVVVDIHW\DQDO\VLV,Q
DGGLWLRQWKHHIIHFWRISDUWLDOV\VWHPIDLOXUHRQV\VWHPSHUIRUPDQFHLVQRWWDNHQLQWRDFFRXQWZKLFKOHDGVWRDELJ





$VVKRZQLQ)LJD LW LVDQDEUXSW IDXOW7KHV\VWHPLVFRQVLGHUHGDV WZRXOWLPDWHVWDWHVRQH LV WKHSHUIHFW
VWDWHDQGWKHRWKHULVWKHFRPSOHWHIDLOXUHVWDWH7KHV\VWHPLVLQWKHSHUIHFWVWDWHGXULQJPLVVLRQWLPHT DQGLQWKH
FRPSOHWHIDLOXUHVWDWHEH\RQGWKHPLVVLRQWLPH7KHUHDUHVHYHUDOUHDVRQVZKLFKFDQFDXVHWKLVIDXOWW\SHVXFKDVWKH
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$VVKRZQLQ)LJEWKHV\VWHPLVLQWKHSHUIHFWVWDWHZKHQRSHUDWLRQDOWLPH  t 7KHV\VWHPSHUIRUPDQFHLV
JUDGXDOO\ GHWHULRUDWHG GXULQJ RSHUDWLRQDO SURFHVV 7KHUH LV D IDXOW WKUHVKROG ZKHQ RSHUDWLRQDO WLPH tt   7KH
V\VWHP IDXOW ZRXOG RFFXU ZKHQ LW UHDFKHG WKLV IDXOW WKUHVKROG 7KXV WKH V\VWHP DUH LQ GHJUDGDWLRQ VWDWHV ZKHQ
RSHUDWLRQDO WLPH  tt   DQG LQ FRPSOHWH IDLOXUH VWDWH DIWHU RSHUDWLRQDO WLPH tt   )RU H[DPSOH PDWHULDO
SHUIRUPDQFH GHWHULRUDWHG 7KHUHIRUH WKHUH DUH JUHDW OLPLWDWLRQV LQ WKH WUDGLWLRQDO UHOLDELOLW\ WKHRU\ 7R IXUWKHU
LQWHUSUHW WKH V\VWHPDQGFRPSRQHQWGHJUDGDWLRQ UHODWLRQVKLSV DPXOWLVWDWHGHJUDGDWLRQ V\VWHPZDVJLYHQ LQ WKLV
VHFWLRQ
,W LV DVVXPHG WKDW PXOWLVWDWH GHJUDGDWLRQ V\VWHP FRQWDLQV n FRPSRQHQWV  nixi "  HDFK FRPSRQHQW
LQFOXGHV im VWDWHV  im"  DQG UHVSHFWLYHO\ LQGLFDWLQJ WKHSHUIHFW VWDWH WR WKHFRPSOHWH IDLOXUH VWDWH IURP
OHIWWRULJKWLH imo ZKHUHGHQRWHVWKHSHUIHFWVWDWHDQG im GHQRWHVWKHFRPSOHWHIDLOXUHVWDWHWKHRWKHUVDUH
GHJUDGDWLRQ VWDWHV 7KXV VWUXFWXUH IXQFWLRQ xM ZDV GHYHORSHG WR GHVFULEH WKH PDSSLQJ UHODWLRQVKLSV EHWZHHQ
V\VWHPVWDWHVDQGFRPSRQHQWVWDWHV
&RPSRQHQWVWDWHVYHFWRU
 nxxxx   "   
6WUXFWXUHIXQFWLRQ






3.1. Standard Bayesian Network 
%1 LV D'LUHFWHG$F\FOLF*UDSK DQG LQYROYHV D QRGHV VHW VHYHUDO GLUHFWHG HGJHV DQG&RQGLWLRQDO 3UREDELOLW\
7DEOHVCPT%1LVQDPHGDV   CPTEVBN  ZKHUHV  E DQGCPTUHVSHFWLYHO\GHQRWH%D\HVLDQQHWZRUNQRGHV
VHWGLUHFWHGHGJHVDQGFRQGLWLRQDOSUREDELOLW\WDEOHV1RGHUHSUHVHQWVUDQGRPYDULDEOHWKXVQRGHVVHWDOVRQDPHVDV




%DVHG RQ FRQGLWLRQDO LQGHSHQGHQFH DQG FKDLQ UXOH WKH %D\HVLDQ IRUPXOD IRU MRLQW SUREDELOLW\ GLVWULEXWLRQ RI
UDQGRPYDULDEOHVVHW  nXXX   " FDQEHDWWDLQHG
_






 "   








BAP    
ZKHUH AP GHQRWHVSULRUSUREDELOLW\ _ BAP GHQRWHVSRVWHULRUSUREDELOLW\ _ ABP GHQRWHVWKHOLNHOLKRRGUDWLR
3.2. Multi-state Bayesian Network 
0XOWLVWDWHVHULHVV\VWHP

















_   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X1   
X         
         
         
         
CPT RI1RGH S
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)LJPXOWLVWDWH%D\HVLDQQHWZRUNRIWKHVHULHVV\VWHP
)LJXUH  VKRZV WKH PDSSLQJ GLDJUDP EHWZHHQ VHULDO V\VWHP DQG PXOWLVWDWH %D\HVLDQ 1HWZRUN 7KHUH DUH 
FRPSRQHQWVLQWKHVHULHVV\VWHPDQGHDFKFRPSRQHQWKDVVWDWHV
7KH FRUUHVSRQGLQJ MC PDSSLQJ GLDJUDP LV VKRZQ LQ )LJ  ,Q WKLV FDVH FRPSRQHQW X KDV  VWDWHV DQG
FRPSRQHQWXDOVRKDVVWDWHVWKXVWKHVHULHVV\VWHPKDV u VWDWHV%XWHVSHFLDOO\IRUFRPSOH[V\VWHPLILWKDV





7KHUHKDVDFRPSRQHQWVHW  niX i " LQDSDUDOOHOV\VWHPDQGHDFKFRPSRQHQWKDVDVWDWHVHW  im" 


















X1 0 1 2 
X 0 1 2 0 1 2 0 1 2 
0         
1         
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_   
0XOWLVWDWHSDUDOOHOVHULHVV\VWHP
)LJXUHVKRZVDPXOWLVWDWHSDUDOOHOVHULHVV\VWHP7KHUHKDV N SDUDOOHOVXEV\VWHPVLQWKHPXOWLVWDWHSDUDOOHO
VHULHVV\VWHPHDFKSDUDOOHOVXEV\VWHPKDV n FRPSRQHQWVDQGHDFKFRPSRQHQWKDVm VWDWHV7KHUHIRUHWKHPXOWL















ORVVHV RU HYHQ FDXVH FDVXDOWLHV 7KHUHIRUH LW LV QHFHVVDU\ WR IXUWKHU DQDO\]H WKH IDLOXUH PHFKDQLVP RI WKH RLO
JDWKHULQJDQGWUDQVIHUULQJV\VWHP
4.1. Principle of the oil gathering and transferring system 

















































DUHUHVSHFWLYHO\ LQGLFDWHG WKHSHUIHFWVWDWH WR WKHFRPSOHWHIDLOXUHVWDWHIURPOHIW WRULJKWDQG WKHLUIRXUVWDWHVDUH
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7DEOH3ULRUSUREDELOLW\RIHDFKFRPSRQHQW
Components P(0) P(1) P(2) P(3)
3LSHOLQH    
3LSHOLQH    
3LSHOLQH    
3LSHOLQH    
2LOVWRUDJH7DQN    






$FFRUGLQJ WR WKH SULRU SUREDELOLW\ RI HDFK FRPSRQHQW DQG WKH 06%1; VRIWZDUH WKH SDUDOOHO VXEV\VWHP
SRVWHULRUSUREDELOLW\DQGWKHV\VWHPSRVWHULRUSUREDELOLW\FDQEHFDOFXODWHGZKLFKDUHVKRZQLQ)LJ7KHSDUDOOHO
VXEV\VWHPSRVWHULRUSUREDELOLW\LQWKHFRPSOHWHIDLOXUHVWDWHLVDOPRVW WKHUHIRUHWKHFUXGHRLOIRUPRLOZHOOVLV





















$FFRUGLQJ WR FDXVDO LQIHUHQFHV WKH HIIHFW RI D FRPSRQHQW IDLOHG LQ VWDWH  LH WKH SHUIHFW VWDWH RQ V\VWHP
SHUIRUPDQFH FDQ EH DOVR REWDLQHG ZKLFK LV VKRZQ LQ )LJ :KHUH  Ă  GHQRWH SLSHOLQH  SLSHOLQH 
SLSHOLQHSLSHOLQHKHDWH[FKDQJHUWKUHHSKDVHVHSDUDWRURLOVWRUDJHWDQNDQGRLOSXPSUHVSHFWLYHO\DQGLQWKLV
RUGHU7KHPLQLPXPHIIHFW RQ V\VWHPSHUIRUPDQFH DSSHDUV DW KHDW H[FKDQJHU UHYHDOV WKDW KHDW H[FKDQJHU LV WKH
PRVW UHOLDEOH FRPSRQHQW7KHUHIRUH WKH SRVLWLRQ IRU HDFK FRPSRQHQW LQ WKH V\VWHPFDQEHGHWHUPLQHGSUHFLVHO\
0HDQZKLOH LW KHOSV WR SURYLGH WKHRUHWLFDO VXSSRUW IRU WKH V\VWHP UHOLDELOLW\ DOORFDWLRQ RSHUDWLRQ GLDJQRVLV
SUHGLFWLRQDQGPDLQWHQDQFH
&RQFOXVLRQ













>@ + ;X '\QDPLF HYHQW IDXOW WUHH '()7 D PHWKRGRORJ\ IRU SUREDELOLVWLF ULVN DVVHVVPHQW RI FRPSXWHUEDVHG V\VWHPV 8QLYHUVLW\ RI
9LUJLQLD
>@ 056KLVKHVD]01%DMHVWDQL6-+DVKHPLHW DO&RPSDULVRQRI$3,SUHVVXUHYHVVHOV LQVSHFWLRQSODQQLQJZLWK$3, ULVN
EDVHGLQVSHFWLRQSODQQLQJDSSURDFKHV,QWHUQDWLRQDO-RXUQDORI3UHVVXUH9HVVHOVDQG3LSLQJ
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>@ (&DJQR)&DURQ00DQFLQLHW DO8VLQJ$+3LQGHWHUPLQLQJ WKHSULRUGLVWULEXWLRQVRQJDVSLSHOLQH IDLOXUHV LQD UREXVW%D\HVLDQ
DSSURDFK5HOLDELOLW\(QJLQHHULQJ	6\VWHP6DIHW\


























>@ 1 .KDN]DG ) .KDQ 3 $P\RWWH 6DIHW\ DQDO\VLV LQ SURFHVV IDFLOLWLHV &RPSDULVRQ RI IDXOW WUHH DQG %D\HVLDQ QHWZRUN DSSURDFKHV
5HOLDELOLW\(QJLQHHULQJ	6\VWHP6DIHW\
>@ -6RV]\QVND5HOLDELOLW\HYDOXDWLRQRIDSRUWRLOWUDQVSRUWDWLRQV\VWHPLQYDULDEOHRSHUDWLRQFRQGLWLRQV,QWHUQDWLRQDO-RXUQDORI3UHVVXUH
9HVVHOVDQG3LSLQJ
